This review paper evaluates use of Foeniculum vulgare extracts as a popular female plant in management of different ailments of women. Information in this paper was gathered from accessible sources (PubMed, Science Direct, Springer, Wiley, and Google), and traditional books (Persian or English modern traditional books), unpublished data (R&D reports, thesis and dissertation) by keywords based on the words F. vulgare or fennel and women. Efficacy of oral fennel oil in management of dysmenorrhea, premenstrual syndrome, amenorrhea, menopause, lactation, and polycystic ovary syndrome were confirmed according to results of clinical studies. Results of clinical efficacy of fennel oil on menstrual bleeding is complicated, but results of one meta-analysis study revealed that fennel oil significantly increased means of bleeding in the first menstrual periodic cycle (P = 0.001), while fennel oil had no significant effect on bleeding in the second menstrual cycle (P = 0.67). Topical and vaginal fennel extract (5%) exhibited good efficacy in treatment of sexual function, vaginal atrophy, and hirsutism. Fennel had no effect on bone density, or body mass index of menopause women. Results of clinical studies introduce fennel as a valuable medicinal plant in management of women's ailments, but understanding the mechanism of action could be the subject of future studies. 
Introduction
Foeniculum vulgare as the member of Apiaceae family with common name of fennel is well-known flowering medicinal plants in traditional and modern medicines. In Iranian Traditional Medicine, fennel was known as "Razaianeh" , "Razianaj" , "Badian" , and "Marsoun" . According to Iranian traditional believes, fennel with hot and dry nature is used as galactagogue, diuretic, emmenagogue, mucolytic and lithontriptic agents. Fennel is effective remedy for visual acuity, cataract, catarrh, stomachache, chronic diarrhea, nausea, vomiting, chronic fever, kidney stones, internal obstructions, and urinary diseases. Topical application of fennel fruit powder on abdomen is good treatment for infantile colic. Constipation is caused after oral administration of fennel fruits and roots. [1] [2] [3] [4] Although, there are some review articles on fennel [5] [6] [7] in literatures that summarized its biological or pharmacological effects, but there is no review article, which evaluated the use of fennel in management of women' s ailments. The subject of this review article was to provide a concise conclusion on efficacy of fennel in women health.
Methods
The manuscript was prepared by searching in electronic headache, fatigue, and lethargy) among three groups, while in second menstrual cycles, intervention by fennel oil or mefenamic acid significantly improved the menstrual clinical symptoms compared to placebo (P < 0.05). 8 In second randomized placebo clinical study on efficacy of fennel oil oral drop on 60 students with PMS was compared with placebo.
The patients randomly divided in two groups (n = 30), who received daily 60 drops of fennel oil (2%; n = 28) or placebo (n = 27) in three divided doses, 3 days before and after of menstrual period for 2 periodic cycles. The daily record of PMS severity symptoms (anxiety, depression, excitement, and physical symptoms) and adverse effects related to treatment on the score of zero to 4 were determined for 2 menstrual cycles before and after treatments. At baseline, there was no significant difference between two groups in regard of demographic, PMS clinical symptoms, menstrual bleeding level, and body mass index (BMI). Fennel oil oral drop significantly reduced the severity of anxiety, depression and Fennel oil (n = 10)
Pilates exercises plus fennel (n = 10) Pilates exercises (n = 10) Control (n = 10) The adverse effects related to treatment were not significant among two groups. Fennel oil had no effect on excitement, fluid accumulation and physical symptoms of PMS (P > 0.05). 9 The results of two above clinical studies confirmed the ther- 13 Therefore, the estrogenic compounds in fennel oil along with analgesic effects reduce the behavioral and physical symptoms in patients with PMS.
Fennel and its effects on menorrhagia
Menorrhagia is defined as abnormally heavy or prolonged bleeding during menstruation. It is believed that fennel oil accelerate the bleeding from uterine in short intervals. This chapter answers this question "does fennel increase the bleeding during the menstruation or no?"
In one clinical trial on single students with primary dysmenorrhea, 20 to 30 drops of fennel oil oral drop (n = 36), every 4 to 8 hours from the beginning of pain feeling during two periodic cycles, reduced the menstrual bleeding in three days of treatments. 8 In other randomized double blind study, on 60 patients with moderate and severe primary dysmenorrhea, 0.3 to 1 mL fennel oil (1% and 2%) significantly increased the total bleeding score during menstruation compared with placebo group (P < 0.01).
14 Consumption of fennel fruit ethanol extract capsule (230 mg) in the first three days of menstrual period of two menstrual cycles had no effect on menstrual period or severity of J MM bleeding (P > 0.05). 15 One-hundred drops of fennel oral drop (2%) in treatment of primary dysmenorrhea of 60 students during two menstrual cycles had no significant effect on bleeding severity (P = 0.89). 16 Seventy-five drops of fennel oral drop (2%) had no effects on bleeding severity and the number of consumed pad, bleeding scores compared with control group. 17 A significant reduction in duration of menstrual period without any effect on menstrual bleeding after two and three month' s consumption of fennel soft capsule (daily 180 mg) was observed. The patients received soft capsules 3 days before menstruation till the 5th day of 3 menstrual cycles. 18 The results of clinical studies on administration of fennel oil on menstrual bleeding are complicated, but a results of systematic review showed fennel oil significantly increased the means of menstrual bleeding in the first cycle of treatment (P = 0.001), while it had no significant effect on menstrual bleeding in second cycles of treatments compared to control group (P = 0.67). and third days of menstruation significantly were higher than fennel oil (P < 0.05). There were no adverse effects for mefenamic acid, while five drop-out due to the bad odor and taste of fennel oil and one increase in menstrual fluid was reported for fennel oil oral drop. 20 The efficacy of fennel on five menstrual cycles of 60 dysmenorrheal patients compared control showed that fennel was effective on severity of pelvic or abdominal pain (P < 0.001), lethargy (P < 0.0001), and depression (P < 0.05), in comparison with control group.
Fennel oil non-significantly improved the other clinical symptoms of PMS (breast pain, vomiting, bloating, diarrhea, inflammation, appetite, muscle or arthritis pain, anxiety), compared to control group. 21 Thirty drops of fennel oil oral drop or mefenamic acid capsule (250 mg) every 6 hours from the beginning of menstruation during two menstrual cycles showed that the pain score, activity and need to rest significantly improved compared to before intervention. There was no significant difference between two groups after treatments. 22 Consumption of daily 46 mg fennel extract capsules or mefenamic acid capsule (250 mg) every 6 hours from the beginning of pain during two menstrual significantly reduced pain severity, three days after interventions compared with placebo group. Although, the mean of pain severity in fennel oil was lower than mefenamic acid, but the difference was not significant. Fennel oil was more effective than mefenamic acid in reduction of pain. 8 The fennel oil oral drop (1% and 2%) of 0.3 to 1 mL significantly reduced the severity of pain and means of dysmenorrhea severity in dysmenorrheal patients (P < 0.05), without any significant effect on fatigue, dizziness, diarrhea, headache, faint, and mood changes. The use of other medications to relief of symptoms were 66.7%, 41.8% and 39.9% in placebo group, fennel oil (1% and 2%), respectively. Nausea was reported in one subject of mefenamic acid group. 14 The means of dysmenorrhea severity after interventions with 20 drops of fennel oil (2%) or placebo every 8 hours, 3 days before and after of menstruation for 2 periodic cycles were 10.67 ± 6.07 and 16.11 ± 6.35, respectively. After second intervention, the corresponding values were 9.29 ± 6.18 and 15.94 ± 7.43, respectively (P < 0.05). 24 Regardless the superiority of fennel oil than that of mefenamic acid and placebo in dysmenorrhea, administration of 46 mg fennel oil every 6 hours (n = 22) in compari- showed that the average days with pain were 1.8 ± 0.8, 2.6 ± 1.0, and 2.1 ± 0.8 for fennel oil, vitamin E and placebo, respectively (P = 0.03). In second cycle, the corresponding days with pain were 1.5 ± 0.8, 2.0 ± 0.9, and 1.9 ± 0.9, respectively. The reduction in pain after intervention was significant among three groups and this reduction was more significant in fennel group (P = 0.019). The means of pain severity significantly reduced after first and second intervention by vitamin E, or fennel oil (P = 0.02 and < 0.001).
Fennel oil was more effective than placebo and vitamin E in reduction of pain and dysmenorrhea. 25 In one clinical study on 50 virgin girls, consumption of 30 mg fennel oil capsule, four times in a day from the first day of menstrual cycle for three days significantly reduced pain severity in three days of intervention, compared with placebo group (P < 0.01).
Patients of 72% were satisfied from fennel oil vs. 56% in placebo group. 26 In other study, 46 mg fennel oil capsule (n 29 Fennel oil inhibited the response of uterine to oxytocin and prostaglandin E 2 by reducing its contraction frequency and intensity. The mechanism of action of fennel oil is similar to diclofenac, which has direct effect on uterine smooth muscle and central system. 30 Anethole as the main components of fennel oil has the similar structure to dopamine, which binds to dopamine receptors and decreases the pain. The spasmolytic action of fennel oil is mediated by inhibition of acetyl choline and histamine induced contractile. 25 The antinociceptive effects of fennel aqueous extract on visceral pain were comparable to indomethacin in male albino NMRI mice (P < 0.001 weight, BMI, waist and hip circumferences, and fat distribution were reported between placebo and fennel groups or in both groups before and after intervention. High compliances were reported in both groups. In spite of imbalance in BMI of two groups, fennel or placebo had no significant difference in BMI (P = 0.356). 36 There was no significance between two group in regard of bone mineral density and bone mineral content of lumbar spine, total hip femoral, trochanter, intertrochanteric, and femoral neck. 37 Therefore, fennel oil improves the clinical symptoms of menopause, but its effects are not better than placebo. It also has no effect on bone density and BMI of women during the post-menopausal period. significantly improved itching, dryness, pallor, and dyspareunia (P < 0.05). Although, fennel vaginal cream improved the burning, but the difference was not significant (P = 0.14).
Fennel oil and its effects on vaginal atrophy
There was no side effect during the study. 38 Oral adminis- as sexual function were observed, but the difference of improvement was significant between two groups (P < 0.05).
The total FSFI score was significantly increased in fennel group (8.2 ± 9.4 to 33.79 ± 0.7) compared to control group (8.03 ± 10.36 to 18.99 ± 1.09; P < 0.001). No drop out was observed in groups, which introduce it as safe and acceptable treatment. 41 As the results of two clinical trials showed, vaginal fennel ethanol extract cream could improve sexual functions in menopause women due to its estrogenic effects.
Fennel and its effect on hirsutism
The male pattern hair growth in women face or their body is defined as idiopathic hirsutism. The topical application of creams containing 1% (n = 11) and 2% (n = 15) of fennel ethanol extract compared with placebo cream (n = 12) for 12 weeks on 38 patients with idiopathic hirsutism in double blind placebo controlled study has been shown that the hair growth significantly reduced after fennel administration, which is associated with reduction in epilation frequency.
The percent of hair reductions were 7.8%, 18.3%, and -0.5%
for fennel creams 1%, 2%, and placebo groups, respectively.
A significant difference was observed between the efficacy of fennel extract 2% and 1% and each fennel group with placebo group. No adverse effects were reported for fennel creams. The mean days to achieve endometrial thickness of at least 8 mm were 13.1 ± 3.2 and 14.2 ± 3.5 in fennel and control groups (P > 0.05). 41 Although, fennel tea failed to achieve the adequate endometrial thickness for fertility, but evaluating the efficacy of fennel oil or extracts on fertility is rec- while 12% of patients in fennel group experienced heartburn. The adverse effects were tolerable. 47 The results of one clinical trial confirmed the efficacy of daily 60 mg fennel oil instead of synthetic estrogens in treatment of amenorrhea, with lower adverse effects.
Fennel and its effects on lactation
Prolactin is known as the hormone of lactation, which is produced by pituitary gland. The most important function of prolactin is stimulatory effects on milk production after delivery of baby. High level of prolactin during pregnancy enlarges mammary glands and milk release in women' s breast for breastfeeding. High level of prolactin during the first several months of breast feeding inhibits ovulation.
The inductive role of fennel on prolactin production has been confirmed in preclinical and clinical studies. Intra-peritoneal administration of fennel aqueous extract for 5 and 10 days significantly increased the serum prolactin. 48 Furthermore, intra-peritoneal administration of 100 and 200 mg/kg fennel ethanol extract to virgin female mice for 5 days increased the level of prolactin, dose dependently. 46 Fennel seed (6 capsule 500 mg, three times in a day) increased serum prolactin from 64.55 ± 32.06 to 95.55 ± 65.9 after treatment with fennel seed (P < 0.001) in lactating women (n = 46). 51 The results of preclinical studies were confirmed by clinical trial on subjects, 92 mg daily fennel (n = 15) capsule, for 90 days had no effect on serum levels of thyroid stimulating hormone (P = 0.298), luteinizing hormone (P = 0.178), and dehydroepiandrosterone sulfate (P = 0.641), while serum follicle-stimulating hormone (P = 0.021) level showed significance difference with placebo group.
52
The reason for the low efficacy of fennel is the low dose of extract or the low number of patients under study, also the efficacy of fennel oil on PCOS patients should be the subject of larger clinical trials.
Toxicology
The oral lethal dose 50 (LD 50 ) for fennel oil in rats were 1,326 mg/kg, which is classified as slight toxic substances.
The toxic effects of fennel oil are as the result of metabolite imbalance or nervous cytotoxicity. 30 Intra-peritoneal fennel aqueous extract (400-6,400 mg/kg) had no toxic effect in mice. 31 The oral LD 50 for fennel aerial parts oil is reported higher than 2,000 mg/kg in mice. 13 Fennel fruits have estrogenic effects, which puberty appears in girls sooner.
Therefore the use of fennel is not recommended during pregnancy. 53 Fennel is one of plant, which is used during the pregnancy with frequency of 10.3%. One case of constipation was reported after regular consumption of decoction containing fennel with a mix of herb. 54 Oral fennel administration for entire period of pregnancy is associated with shorter gestational age. 55 Fennel reduces the limb bud differentiation from day 13 rat embryo, which is associated with cell loss, no cell differentiation, implying toxic effects of fennel oil on fetal cells, without any evidence of tetragenicity. 56 The inhibitory effects of fennel methanol extract on human liver cytochrome P4503A4, exhibited the potential interaction of fennel with drugs. 7 Premature thelarche is described in prepubertal girl, who consumed fennel tea and had breast development. 57 
Conclusion
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